The patterns and prognostic significance of low high-density lipoprotein (HDL) cholesterol levels have not been well characterized. We sought to determine the prevalence and prognostic significance of low HDL cholesterol levels in patients with non-ST-segment elevation acute coronary syndromes (NSTE ACS).
Introduction
Lipid-lowering therapies have been recognized as a critical component of the early treatment recommendations for patients with acute coronary syndromes (ACS), as randomized clinical trials have shown that rapid lowering of elevated low-density lipoprotein (LDL) levels with high-dose statin therapy contributes to improvements in clinical outcomes.
1,2 Low high-density lipoprotein (HDL) levels are a key element of the definition of metabolic syndrome-which has been shown to be associated with an increased risk of cardiovascular events in the general population-but the prognostic impact of low HDL levels has primarily been studied in patients with stable coronary disease or in those with risk factors of coronary disease. 3 -5 Although the revised practice guidelines for unstable angina and non-ST-segment elevation MI [collectively known as non-ST-segment elevation ACS (NSTE ACS)] designate a Class IC recommendation for measurement of fasting lipid panel within 24 h of admission and provide multiple recommendations for therapies and strategies to lower LDL cholesterol and triglyceride levels, there are no recommendations to guide the treatment and risk stratification of ACS patients who are found to have low HDL levels. 6 We therefore studied the CRUSADE [Can Rapid Stratification of Unstable Angina Patients Suppress Adverse Outcomes with Early Implementation of the ACC(American College of Cardiology)/ AHA(American Heart Association) Guidelines] National Quality Improvement Initiative database to characterize the incidence, associated clinical and angiographic characteristics, and prognostic significance of low HDL levels among patients with NSTE ACS.
Methods

Patient inclusion criteria
The CRUSADE inclusion criteria required ischaemic symptoms lasting at least 10 min within the previous 24 h together with either ischaemic ST-segment changes (ST-segment depression of at least 0.5 mm or transient ST-segment elevation of 0.5 -1.0 mm) and/or positive cardiac markers (either elevated creatine kinase-MB or troponin levels). Patients were not eligible if they were transferred to a participating hospital .24 h after presentation to the initial hospital.
Data collection
Data were collected for CRUSADE anonymously during the initial hospitalization, and, because no patient identifiers were collected, patient informed consent was not required. The institutional review board of each institution approved participation in CRUSADE. Data collected included the use of acute medications (within 24 h of presentation), use and timing of invasive cardiac procedures, laboratory results (including measured lipid levels), discharge medications, and lifestyle modification interventions.
Analysis population
From a starting population of 180 842 NSTE ACS patients treated at 557 hospitals in USA from January 2001 through June 2006, we excluded 69 126 patients who did not have measured HDL values recorded during the index hospitalization, 11 273 patients who were transferred out due to inability to track clinical outcomes data after transfer given current US privacy laws, 6644 patients with recorded HDL levels that were performed either before or after hospitalization, 532 patients with HDL levels ,10 mg/dL or .100 mg/dL, and four patients with missing data on death status. The final analysis population thus consisted of 93 263 patients from 555 hospitals.
Designation of high-density lipoprotein categories
Patients were analysed by categories of HDL levels defined as very low HDL levels (10-29 mg/dL), low HDL levels (30 -39 mg/dL), normal HDL levels (40 -59 mg/dL), and high HDL levels (60-100 mg/dL). These categories were chosen based upon classification of HDL levels by the Adult Treatment Panel III from the National Cholesterol Education Program. 7 
Statistical analysis
For descriptive analyses, continuous variables are presented as medians with interquartile percentiles, and categorical variables are expressed as percentages. Baseline characteristics and presentation features were compared between study population and excluded patients. Wilcoxon rank-sum test was used for continuous variables and Pearson x 2 test was used for categorical variables. Among study population, baseline characteristics, treatment profiles, and procedure use were compared across different HDL categories. To test for trend of a patient's baseline characteristics and in-hospital care patterns with respect to different HDL categories, x 2 rank correlation statistics was used for continuous variables and x 2 rank-based group means score statistics was used for categorical variables to take into account the ordinal nature of HDL categories. We explored the univariate relationship between factors associated with HDL levels as continuous measures including: men vs. women, older (age !65 years) vs. younger (age ,65 years) patients, and patients with diabetes mellitus vs. patients without diabetes mellitus. We also determined demographic and clinical factors associated with very low HDL levels (10 -29 mg/dL). Variables entered into the model were chosen based on clinical judgment prior to modelling. Variables included age, sex, race, body mass index, history of diabetes, hypertension, smoking status, family history of coronary artery disease, prior myocardial infarction (MI), prior heart failure, prior percutaneous coronary intervention, prior coronary artery bypass graft surgery, history of renal insufficiency, prior stroke, treatment with any home lipid-lowering agent, and recorded LDL and triglyceride values. In addition, because patients within a hospital are more likely to be treated in a similar way, generalized estimating equation models with exchangeable working correlation structure were used to adjust for correlations among clustered responses (e.g. within-hospital correlations). 8 The method produces estimates similar to those obtained from ordinary logistic regression, but the estimated variances of the estimates are adjusted for the correlation of outcomes within each hospital. To explore the continuous relationship between HDL values and unadjusted in-hospital mortality rates, an additive spline transformation of HDL values was used. 9 -11 Another spline transformation was used to adjust for age and sex because these variables were shown to be significantly associated with patterns of HDL values. Two multivariable logistic regression models with generalized estimating equations using exchangeable working correlation structure were used to explore the independent association between different HDL categories and the likelihood of severe coronary disease on angiography and in-hospital mortality. Severe coronary disease on angiography was defined as a stenosis !50% in the left main coronary artery and/or stenoses !50% in each of the three major coronary arteries for patients who underwent angiography. Variables in the model for severe coronary disease were the same as the variable list mentioned earlier. Patients who died before they had the opportunity to undergo angiography were not accounted for in this model. Variables in the model for in-hospital mortality included the previously mentioned variables plus systolic blood pressure and heart rate on presentation, positive cardiac markers, ischaemic ST-segment changes on the electrocardiogram, and signs of heart failure at presentation because these variables have been shown to be significant predictors of in-hospital mortality in the CRUSADE database. 12 Odds ratios (OR) and 95% confidence intervals (CI) were determined for the different HDL categories compared with normal Low HDL levels in patients with NSTE ACS HDL values (40 -59 mg/dL) to examine the variation of the strength of its influence on the outcomes evaluated. A P-value ,0.05 was considered significant for all tests. All analyses were performed using SAS software (version 9.0, SAS Institute, Cary, NC, USA).
Results
Clinical characteristics of the study population vs. excluded patients A total of 87 579 patients were excluded as previously detailed. The patients who were excluded from the analysis were older, less likely male, and had a greater percentage of co-morbidities, previous cardiac events, and previous revascularization procedures compared with the 93 263 patients in the study population ( Table 1) .
Clinical characteristics by high-density lipoprotein categories
Among the 93 263 patients analysed, 16 854 (18.1%) had very low HDL levels (10 -29 mg/dL), 32 185 (34.5%) had low HDL levels (30-39 mg/dL), 35 875 (38.5%) had normal HDL levels (40-59 mg/dL), and 8349 (9.0%) had high HDL levels (60 -100 mg/ dL). Patients with very low HDL levels were younger, more often male and obese, and more commonly had diabetes mellitus, prior MI, and prior revascularization procedures compared with patients with higher HDL levels. Total cholesterol and LDL levels were lowest among patients with very low HDL levels, but the total cholesterol/HDL ratio and triglyceride levels were highest in this group ( Table 2) .
The continuous distribution of HDL levels demonstrated a shift towards lower HDL levels among men compared with women, among patients age ,65 years compared with those age !65 years, and among patients with diabetes mellitus vs. those without Presented as median (25th, 75th percentile). c Any lipid-lowering agent included patients who received either statin and/or non-statin lipid-lowering agent at home. diabetes mellitus ( Figures 1A -C) . The factors most strongly associated with very low HDL levels included male sex, lower measured LDL values, higher measured triglyceride values, current smoking, lack of use of home lipid-lowering agents, younger age, higher body mass index, and diabetes mellitus ( Table 3) .
Medications and procedures
Acute (,24 h) medications were used to a similar degree among patients with very low and low HDL levels, but were used less commonly among patients with normal and high HDL levels Low HDL levels in patients with NSTE ACS (Table 4) . Similar patterns of use of cardiac catheterization and revascularization procedures were found.
Coronary disease severity by high-density lipoprotein levels
Patients with very low and low HDL levels were more likely to have multi-vessel disease demonstrated on angiography, whereas patients with normal or high HDL levels were more likely to have insignificant coronary disease ( 
In-hospital mortality Continuous high-density lipoprotein distribution
The continuous distribution of unadjusted in-hospital mortality rates by HDL values demonstrated that the highest mortality rates were seen among patients with the lowest HDL values, and the lowest unadjusted in-hospital mortality rates were seen among patients with HDL values between 30 and 40 mg/dL ( Figure 2A) . However, after adjusting for age and sex, the continuous distribution of HDL values demonstrated a linear decline in mortality from HDL values of 10 to 40 mg/dL and relatively flat mortality rates from HDL values of 40 to 100 mg/dL ( Figure 2B ).
High-density lipoprotein categories
The incidence of unadjusted in-hospital mortality among HDL categories was 2.9% among patients with very low HDL levels, 2.4% among those with low HDL levels, 2.7% among those with normal HDL levels, and 3.4% among those with high HDL levels. Compared with patients with normal HDL levels, patients with very low HDL levels had a higher adjusted risk of mortality (adjusted OR 1.18; 95% CI 1.04-1.35), whereas patients with low HDL levels (adjusted OR 1.01; 95% CI 0.91-1.11) and those with high HDL levels (adjusted OR 1.07; 95% CI 0.93 -1.24) had a similar adjusted risk of mortality.
Discussion
We have demonstrated that almost one-fifth of patients with NSTE ACS had very low HDL levels (10-29 mg/dL) measured during the hospitalization and that these patients were younger, more often male, and commonly demonstrated features of the metabolic syndrome. Patients with very low HDL levels had a higher risk of severe coronary disease on angiography and also had a higher risk of in-hospital mortality compared with those with normal HDL levels. Consequently, very low HDL levels appear to be an adverse prognostic indicator for patients with NSTE ACS and may represent a unique target for new therapeutic interventions. Lower HDL levels have been shown to be associated with a higher risk of cardiovascular events and a greater burden of atherosclerosis, even among patients with lower LDL levels, including those who are treated with statins. 4, 5 However, because lower HDL levels are a key component of metabolic syndrome, the adverse prognosis and increased severity of coronary disease associated with lower HDL levels demonstrated in this analysis may be a result of the interactions between the components of the metabolic syndrome (abdominal obesity, hypertriglyceridaemia, lower HDL levels, hypertension, and hyperglycaemia) rather than solely due to the impact of lower HDL levels on atherosclerosis progression. 3,13 -16 Notwithstanding these potential interactions, we have shown that lower HDL levels are highly prevalent among a large cohort of patients with ACS, tend to be associated with a greater likelihood of severe coronary disease on angiography and a higher risk of adverse outcomes, and appear to correlate with younger age upon presentation with ACS. In contrast, higher HDL levels were associated with older age at presentation with NSTE ACS -a finding that indicates that higher HDL levels may forestall symptomatic coronary disease progression until older age. Nonetheless, lower HDL levels appear to be a unique, common, and potentially modifiable risk factor for patients with ACS.
The recently revised ACC/AHA practice guidelines for NSTE ACS do not recommend specific strategies to treat patients found to have low HDL levels, and the revised Adult Treatment Panel III guidelines published in 2004 focus mostly upon strategies designed to lower LDL levels among high-risk patients (including those with recent ACS). 6, 17 Because a recent analysis demonstrated that low HDL levels are associated with a higher risk of cardiovascular events among patients with stable coronary disease treated with statins who had achieved the target LDL level ,70 mg/dL, use of intensive statin therapy for ACS patients (a Class I guidelines recommendation) may not be sufficient to improve the adverse prognosis associated with low HDL levels. 1, 2, 4, 6 Although the cholesterol ester transfer protein inhibitor torcetrapib was shown to raise HDL levels by as much as 65% and to lower LDL levels by 20% (beyond the effects of concomitant statin therapy) in a number of recent studies, the therapy showed no impact on the progression of carotid or coronary artery atherosclerosis, and it was associated with a higher incidence of hypertension and death leading to the termination of a large phase III clinical trial. 18 -21 As a result, alternative atheroprotective treatment strategies designed to modulate HDL levels and/or HDL function will require further study (especially in the primary prevention population) to reduce the risk of future coronary disease, as well as in the ACS population to reduce the risk of subsequent adverse outcomes. 22 -24 In the meantime, identification of patients with ACS who have low HDL levels should prompt the initiation of intensive dietary and lifestyle modification interventions that may mitigate some of the risks associated with this adverse prognostic indicator. There were several limitations to this analysis. First, HDL values were not recorded in a large proportion of the CRUSADE population during the analysis time period (38%), and another 10% of patients were excluded for other reasons. Because patients in this analysis were treated more commonly with evidence-based medications and more often underwent invasive cardiac procedures compared with the overall CRUSADE population, the exclusion of almost half of the original population may have biased the results and led to an incomplete characterization of the patterns and impact of HDL levels. 25 Secondly, only in-hospital outcomes were collected, so the long-term impact of the findings could not be investigated. Thirdly, we could not fully characterize the extent of the metabolic syndrome in this analysis because waist circumference and fasting blood glucose levels were not collected. Significant coronary disease defined as a lesion !50% in a native coronary artery. One-, two-, or three-vessel disease refers to significant stenoses in the major native coronary arteries (left anterior descending, left circumflex, and right coronary arteries) or a branch vessel. c Left main disease refers to a significant stenosis !50% in the left main coronary artery and is shown separately compared with two-or three-vessel coronary disease. Figure 2 Continuous relationship between in-hospital mortality rates and high-density lipoprotein (HDL) (mg/dL) values. Broken lines indicate 95% confidence intervals: (A) overall population unadjusted mortality rates; (B) overall population mortality rates adjusted for age and sex. may differ from chronic HDL levels before presentation, so the impact of low HDL levels on the progression of coronary disease may not be accurately represented by in-hospital HDL levels. Seventhly, we demonstrated many significant differences across HDL categories but the statistical significance was likely due to the large number of patients analysed rather than to true clinical differences. Finally, we did not account for patients who died before they had an opportunity to undergo angiography in the modelling procedure that assessed the frequency of severe coronary artery disease among the HDL categories.
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